RECENTLY we have been engaged in an investigation in regard to the relationship of blood pH to that of tissue. Spinal fluid was used as tissue for the purpose of this inquiry. Our observations proved that the current teaching according to which the spinal fluid is more alkaline than blood is erroneous. We believe that our figures are reliable because we employed a method for the determination of pH which is superior to those available to previous workers in the same field.
The majority of authors give pH reading of cerebrospinal fluid in normal cases without referring at all to the acid base balance in the blood. The majority of figures recorded are rather on the high side. Weston 1 gives it as 7-9-8-3; Felton, Hussey and Bayne-Jones,2 7-7-7-9; Vogt,3 7-4-7-6; Shearer and Parsons,4 7 3-7 4; Levinson,5 7-4-7-6; Eskuchen and Lickint,6 7-36-7-5; Beaumont and Dodds,7 7.45.
Cameron and Gilmour 8 give expression to the current teaching by stating that the pH of the spinal fluid is slightly more alkaline than that of the blood. McQuarrie,9 however, believes that within the limits of experimental error the pH of spinal fluid always approximates to that of the blood. Cernatescu and Mayer 10 apparently were the first to observe greater acidity in the spinal fluid than in the blood. The figures given by these authors for spinal fluid are extremely low. They use, however, the Quin-hydrone electrode-an electrode which is unreliable for fluid containing protein.11 Pre- vious to their work, however, Parsons and Shearer concluded that cerebrospinal fluid is more alkaline than blood only at a low carbon dioxide tension.
There is no doubt that in many instances the high pH readings were due to the employment of methods which disregarded the CO2 loss of the fluid, and other erroneous conclusions have been arrived at owing to disregard of the temperature factor. So far as we are aware, none of these investigators used the glass electrode.
METHOD
The glass electrode was employed and was adapted for the use of blood and spinal fluid. As is generally recognized, it is superior not only to the colorimetric but also to other electrometric methods. There are two main difficulties with these methods so far as cerebrospinal fluid is concerned. It is not possible to use paraffin for the purpose of avoiding CO2 loss, since the contact of paraffin with the glass membrane fouls the electrode. The other difficulty is that of temperature. If determination is made in room temperature a correction factor has to be used which is variously given by different authors. In addition it is essential for various reasons to make determinations in the shortest possible time. In such circumstances it would be difficult to be sure that a proper equilibrium between fluid and buffer solution has been established. To avoid the difficulty the whole investigation was made in a room heated to body temperature. To avoid CO2 loss the method used was as follows: The ordinary canula in use for cerebrospinal work was employed. Connected to it was a piece of fine rubber tubing of a narrow bore, about 3 inches in length. The distal end of the tubing was inserted in the inner chamber of the electrode. This chamber fills up with fluid and overflows, so that the fluid whose pH was taken never came in contact with air. A detailed account of this method will be found in the Journal of Physiology (1934, vol. 81, p. 197) .
Twelve cases were investigated altogether. They were all in-patients of the Heart Hospital. The majority of these patients did not exhibit any evidence of heart failure, and from the point of view of composition of the blood and the spinal fluid they must be considered as normal cases. There were, however, cases which exhibited definite evidence of heart failure. One case suffered from pronounced hyperthyroidism. These patients had been mostly resting in bed for a considerable time. However, a few minutes before the specimen of the spinal fluid was taken they were subjected to a slight exertion. They were taken from the wards by r wheel-chair and transported by means of a lift to two flights of stairs below, where they had to walk a few yards to a couch. It seems unlikely that there could have been an appreciable rise in the lactic acid of blood as a result of this exertion, so far as the great majority of cases were concerned. Table I shows that only once did the pH exceed 7-4-all the others were below this figure. It will also be seen that there is a definite relation between the pH of spinal fluid and that of blood, and that the latter is more on the alkaline side than the former. Incidentally, it shows that it is impossible to establish absolute values for pH of spinal fluid unless the acid balance of the blood is also determined. As is to be expected, there is no relationship between lactic acid and pH reading.
An explanation why the cerebrospinal fluid is more acid than blood may be found in the difference of behaviour of CO2 in these two fluids. Wittgenstein and Gaedertz 14 investigated the relations between blood lactic acid and that of spinal fluid in animals and man, and they found that at rest the lactic acid contents of the blood and cerebrospinal fluid were approximately equal-plasma at rest, 15 to 18 mg. per cent., cerebrospinal fluid at rest, 13 to 16 mg. per cent. In cases where the lactic acid is low, blood plasma and cerebrospinal fluid equal each other. Where lactic acid increases in the blood it also increases in the spinal fluid.
Zweifel and Scheller 15 state that lactic acid disappears more slowly in the cerebrospinal fluid than in the blood, and they also assume that the acid rises more slowly in the fluid. group.bmj.com on November 10, 2017 -Published by http://jnnp.bmj.com/ Downloaded from formed by autoglycolysis of the sugar present. Double estimations were carried out on nearly every specimen of blood and fluid.
Here again (Table II) , it is clear that the lactic acid content of the spinal fluid stands in definite relation to that of the blood. It must be kept in mind in analysing the table that the method of determining lactic acid has a maximum margin of error of, say, + 5 per cent. -5 per cent.
In six cases out of eleven the lactic acid content of the spinal fluid was lower than that of blood; in three cases it was higher. In the latter the difference in the lactic acid content of the two fluids was so small as to come within the limits of the margin of experimental error. On the other hand, in some instances the lactic acid content of the fluid was so definitely below that of the blood that the difference between the two fluids in this respect cannot be accounted for by any experimental error. We may safely assume therefore that there are cases where the lactic acid content in the fluid is definitely lower than that in the blood. We may assume that if the patient is completely at rest for a considerable time an equilibrium between these two fluids will approximately be established. However, if lactic acid is being actively formed in the organism one of two things may happen. As long as the lactic acid blood level continues to rise this level may be higher than that of the fluid, because the latter can only increase its lactic acid store by a process of relatively slow diffusion from the blood. On the other hand, lactic acid disappears from the blood at a much quicker rate than does the acid from the spinal fluid. It is therefore possible that immediately after exercise there may be a higher percentage of lactic acid in the spinal fluid than in the blood. The difference in level between the lactic acid content of blood and spinal fluid in the case of exophthalmic heart failure is easily explained. We know that in such cases the oxygen consumption is very high and the oxygen 'debt ' also high, which means a high level of blood lactic acid. Moreover, as this patient suffered from pronounced heart failure it is likely that a slight exertion was sufficient to raise the lactic acid level to a considerable degree. For reasons stated before, the lactic acid level in. the spinal fluid would rise in such circumstances but slowly. However, the pronounced difference of lactic acid content of blood and fluid in the case of the patient suffering from partial heart block is less easily explicable on these grounds. It is true the patient had suffered from degenerative myocarditis, but the lactic acid in the blood is apparently within normal limits.
The figures also suggest that in heart failure the lactic acid level in blood and fluid is raised, as was to be expected.
CONCLUSIONS
(1) The pH of the cerebrospinal fluid is lower than that of blood.
(2) The lactic acid contents of cerebrospinal fluid and blood are approximately the same, provided sufficient time is allowed for an equilibrium between the two fluids to be established.
